Abstract] In this protocol we describe how to visualize neutrophil extracellular traps (NETs) and fungal cell wall changes in the context of the coculture of mouse neutrophils with fungal hyphae of Candida albicans. These protocols are easily adjusted to test a wide array of hypotheses related to the impact of immune cells on fungi and the cell wall, making them promising tools for exploring host-pathogen interactions during fungal infection.
. Schematic of cell wall organization pre-and post-neutrophil attack. Under homeostatic conditions, hyphal cell wall is composed of three main polysaccharide components (mannan, β-glucan and chitin) but most chitin and β-glucan is inaccessible for recognition because it lies beneath the mannan layer. Post-attack there is loss of cell wall mannoprotein and increased levels of chitin. These changes lead to greater surface recognition of β-glucan and perhaps also chitin. 12. WT-FarRed670 strain of C. albicans (Hopke et al., 2016) 13. WT-GFP strain (Wheeler et al., 2008) 14. C57BL/6J mice, female 6-10 weeks old (THE JACKSON LABORATORIES, catalog number:
Materials and Reagents

000664)
15. Glycerol (EMD Millipore, catalog number: GX0185-5)
16. Anti-Ly6G biotin antibody (Thermo Fisher Scientific, eBioscience, catalog number: 13-5931-85)
17. Anti-biotin magnetic beads (Miltenyi Biotec, catalog number: 130-090-485)
18. Trypan blue (Lonza, catalog number: 17-942E) 3 www.bio-protocol.org/e2213 c. Dilute into 30 ml of RPMI at a concentration of 2.5 x 10 6 cells/ml and divide into 5 ml aliquots.
Incubate at 30 °C on a roller drum overnight. Pool the RPMI cultures into a 50 ml conical tube and spin down at 3,000 x g for 5 min. Remove most of the supernatant (so only about 5 ml remains) and then flick to resuspend the pellet in remaining liquid. Due to the morphology of the hyphae, you cannot use a hemocytometer to determine cell number, instead we used the spectrophotometer to estimate the concentration of the hyphae. An OD600 of 1 is equivalent to 1 x 10 7 cells/ml. While quantification of hyphae by OD600 is not as accurate as for quantifying yeast, we found it to provide reproducible results. Adjust to 3
x 10 8 cells/ml to use as a stock solution in the assay.
Note: You will have a highly concentrated number of hyphae in a small volume, so it is best
to do a dilution before finding the OD600 to ensure you fall within a readable range and to conserve cells. Our cuvettes usually take 1 ml, so we take 100 µl hyphae and add it to 900 µl PBS. PBS will then serve as your blank control. c. When all the bone marrow has been released into the Petri dish, pass it through a 70 µm cell strainer and into a 50 ml conical. Centrifuge at 300 x g for 3 min. c. Once finished put clean 50 ml conical tubes in the positive and negative ports. Put the bone marrow at the intake port and run the positive selection program. When all but 0.2 ml of the volume has been taken up the intake, add 1 ml PBS + 2% FBS. This ensures that all of the residual sample is loaded onto the column without significantly increasing the volume.
Collect both the positive and negative fractions*. Centrifuge the positive fraction at 300 x g 7 www.bio-protocol.org/e2213 [Swamydas and Lionakis, 2013] 
Hyphal/Immune cell interaction (2.5 h)
Incubate 3 x 10 7 hyphal cells with or without 7 x 10 6 neutrophils in 1.7 ml microcentrifuge tubes with RPMI + 5% FBS, in a total of 1.7 ml, on a rotator at 37 °C for 2.5 h. The sample without neutrophils serves as a control.
Note: It is important to have the microcentrifuge tube almost completely full of media so that neutrophils and hyphae do not get trapped and dried out on the sides of the tube in an air pocket.
6. Staining for NET visualization (3 h; for a schematic diagram of the staining process see Figure   3A ) a. Note that all steps are done on ice and with ice-cold buffers, unless specified otherwise.
This prevents any additional metabolic functions in these live cells.
b. Spin down the samples in a microcentrifuge at max speed (15,000-21,000 x g) for 30 sec.
Remove the supernatants and wash once with 500 µl of PBS. h. Once set, the exposure times for all channels were kept the same for all images. An equal number of images were obtained from all samples for use in analysis.
i. The hyphae will have the chitin in their cell walls stained with the CFW. Areas of exposed β-glucan that is bound by sDectin-1-Fc will be marked by Cy3 fluorescent signal (shown via diagram in Figure 1B and via microscopy in Figure 4 ). Areas of neutrophil attack of the outer cell wall can be detected by examining the loss of fluorescent streptavidin signal ( Figure   4A ). A viability indicator is usually included by using a C. albicans strain with cytoplasmic fluorophore expression. For these experiments, a prototrophic WT-GFP strain (Genotype:
SC5314 Peno1::Peno1-EGFP-NAT R ; [Wheeler et al., 2008] ) was typically used.
Data analysis
1. For NET staining, analysis focused on the qualitative evaluation of whether MPO and citrullinated H3 signals were present in the stained samples, co-localized with extracellular DNA and did not appear in the no primary controls ( Figure 5 ).
2. For analysis of cell wall damage, a number of options are available and depend on the hypothesis being tested. For images with z-stacks, we first create maximum image projections using the standard Zeiss Axiovision software (Zeiss Microscopy). One way we have analyzed these data is by examining the percentage of viable cells in all images which display specific cell wall changes ( Figure 4D ). This type of analysis is useful when attempting to determine if specific inhibitors or genetic knockouts, on either the fungal or neutrophil side, disrupt the process. We have also analyzed this data by determining the mean fluorescent intensity (MFI)
of the staining at specific sites of interest and comparing this to the MFIs seen in controls ( Figure   4C ). The MFI can be obtained with numerous programs. We captured our images with a Zeiss
Axiovision microscope and determined the MFI with Axiovision software. This analysis has proven useful in quantitatively measuring the overlap of specific cell wall changes (for example:
increased sDectin-1-Fc staining overlaps at areas of increased CFW staining at neutrophil 11 www.bio-protocol.org/e2213 Figure 4D ) from example images ( Figures 4E-4F ).
